Finally, antioxidant agents (NAC and PDTC), which inhibited NFκ B activation, but failed to affect STAT6 activation, almost completely attenuated DEP-induced eotaxin production, while these agents failed to attenuate IL-13-induced eotaxin production.
Introduction
Eotaxin is a CC chemokine which plays an important role in the eosinophil FINAL ACCEPTED VERSION LCMP-00358-2002. R1 3 accumulation in a variety of allergic disorders (14, 17, 23) . Animal models of allergic asthma showed that targeted disruption or antibody against eotaxin partially blocked eosinophil accumulation in the lung (24, 32) . Histopathological studies demonstrated that there is an intense protein expression of eotaxin in airway epithelium from patients with bronchial asthma (11,17,19,) . Recently, genomic structure of human eotaxin has been reported (12) , and subsequent studies demonstrated that its transcriptional regulation was dependent on promotor regions which contain nuclear factor ( NF )κB-binding sites and signal transducers and activators of transcription (STAT) 6-binding sites (18) .
There is increasing circumstancial data suggesting that exposure to increased levels of inhalable particulate pollutants ( PM10) is related to the increased prevalence of allergic airway disorders such as asthma and allergic rhinitis (5, 6, 9, 14, 21) . Recent reports (4, 22) suggest that those with the diameters less than 2.5µm (PM2.5) have an important role in triggering the biological responses within the lung. In urban areas, fine particulate matters produced from diesel engines ( diesel exhaust particles, DEP) are one of the major constituents of PM2.5. Repeated exposure to DEP in mice induce intense inflammatory reactions, which mimic those found in bronchial asthma (25) . Intranasal administration of DEP extracts induced local Th2-type cytokine production in human atopic volunteers (8) . It is quite likely that these biological responses to DEP were via cytokines, chemokines and other inflammatory mediators locally produced in the airways. To date, several factors such as IL-1, tumor necrosis factor (TNF)-α, and Th2-type cytokines (IL-4) have been reported to upregulate eotaxin gene expression (9, 17, 18, 26) . However, it remains unclear whether or not environmental pollutants such as DEP have any effect on eotaxin expression.
In the present study, we attempted to study the effects of DEP on eotaxin gene expression in human bronchial epithelial cells, by using conventional suspended particles and by a newly established in vitro cell exposure system to diesel exhausts (DE)(1).
Materials and Methods
Culture of bronchial epithelial cells:
Normal small airway epithelial cells were obtained from healthy volunteers as reported previously (31) . Briefly, the subjects underwent a bronchofiberscopic examination with a BF-XT20 fiberscope ( Olympus, Tokyo, Japan ) in a standard fashion. (30) . The three-to four-passaged cells were used for the experiments.
A human bronchial epithelial cell line BET-1A( a kind gift from Drs. J.F. Lechner and C.C. Harris, National Cancer Institute, Bethesda, MA ) was cultured as reported (16) .
Briefly, the cells were plated onto collagen-coated 24-well flat-bottom tissue culture plates ( Koken, Tokyo, Japan ) at the density of 5x104 cells/well in hormonally defined
Ham's F12 medium ( HD-F12 ). HD-F12 contained 1% penicillin-streptomycin, 5 µg/ml insulin ( GIBCO, Grand Island, NY ), 5 µg/ml transferrin ( GIBCO ), 25 ng/ml epidermal growth factor ( Collaborative Research Corp., Lexington, MA ), 15 µg/ml and SO2 were measured as described in detail previously (1) with the averaged levels of 1mg/m3, 10.6 ppm, 7.3 ppm, and 3.3 ppm, respectively. The concentration of DEPs at the tubes just before the inlet of culture container was averaged to 100 µg/m3. The cells were exposed to DE in a constant flow system at different time intervals (0, 120, 240, 480 and 840 min). Sham exposure was carried out while the engine was turned off.
To evaluate the effects of the gases in DE on cytokine production, a glass fiber filter paper (Toyo Roshi Co., Tokyo, Japan ) was introduced just before the inlet of the culture container to remove more than 99.99% DEPs (1).
Cytokine assay
Specific immunoreactivity for eotaxin in culture supernatants was measured by ELISA kits ( R & D Systems, Inc., Minneapolis, MN ). Each sample was assayed in duplicates as recommended by the manufacturer.
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Northern blot analysis for eotaxin mRNA
Northern blot analysis was performed to study the effect of DEP on eotaxin mRNA expression in human bronchial epithelial cells by the method described previously(4).
Briefly, total cellular RNA was extracted by the method of Chomczynski and Sacchi (3), and electrophoresed on formaldehyde denatured agarose gel ( 10µg/lane ) followed by capillary transfer onto Biodyne nylon membrane. RNA integrity and equivalency of loading were routinely evaluated by ethidium bromide fluorescence. Blots were baked, prehybridized, and hybridized with a 32P 5' end -labelled oligonucleotide probes specific for humaneotaxin and β-actin. A human complementary DNA for human genomic eotaxin(9) was a kind gift from Dr. CONTRACT. Blot were stringently washed after hybridization and exposed to X-ray film.
RT-PCR for eotaxin mRNA expression in human bronchial epithelial cells
To assess the eotaxin mRNA levels in BET1-A cells exposed to DE by a new system, a semiquantitative assay utilizing RT-PCR was performed as previously reported(1).
Total RNA was isolated by the guanidinium thiocyanate-phenol-chloroform extraction method as described by Chomczynski and Sacchi(3). Briefly, after the cell counting and assessment of cell viability, the cells (5.0× 10 5 viable cells) were lysed in solution D (4 M guanidinium thiocyanate, 25 mM sodium citrate, pH7; 0.5% sarcosyl, 0.1 M 2-mercaptoethanol) and RNA was extracted from the solution by chloroform extraction.
After that, the isopropanol-precipitate RNA was washed twice with 70% ethanol, dried and resuspended in diethylpyrocarbonate-treated water. Extracted RNA was reverse transcribed to cDNA by using Takara RNA-PCR kit according to the manufacturer's recommendation. Briefly, total RNA, random hexadeoxynucleotides as primer, and avian myeloblastosis virus reverse transcriptase were used for cDNA synthesis. The specific primer pairs used for PCR amplification were listed below:
The reaction mixture contained 10mM and intensity of signals on ethidium bromide stained agarose gels as reported previously (34) . For semiquantitative evaluation of eotaxin and β-actin mRNAs, 30 cycles were chosen for β-actin and eotaxin. PCR product was run on a 1.0% agarose gel, and the intensity of ethidium bromide fluorescence was evaluated by NIH Image version 1.61.
Electrophoretic mobility shift assay (EMSA) for the detection of NFκB
After the cells were washed with PBS, the nuclear proteins were isolated by the method reported previously (28) . In brief, 2 to 3x10 6 NaCl, 1mM DTT, 1mM EDTA, 4%(v/v) glycerol, 0.08mg/ml sonicated salmon sperm DNA, and 32P-labeled double-stranded oligonucleotides at 0.7 fmol/µg nuclear extract.
After incubation, the samples were loaded onto a 4% polyacrylamide gel (polyacrylamide:bis(30%:0.8% w/v), 2.5% glycerol in 0.5xTris-borate-EDTA) and run at 120 V for 2hrs. Each gel was then dried and subjected to autoradiography.
For supershift studies, 2µl of anti-p65, anti-p50 or control antisera was added to the reaction mixture containing the κB oligonucleotide. Binding of the antibody to the appropriate transcriptional factor was indicated by a supershift in the EMSA.
Western blot analysis for STAT6 activation
For the extraction of the protein, the cells were washed twice with Ca2+-and Mg2+-free The results were analyzed by Students' t test for comparison between the two groups, and by non-parametric equivalents of analysis of variance ( ANOVA ) for multiple comparison as reported (28, 30) .
Results
Increased production of immunoreactive eotaxin by suspended DEP When the cells were incubated with DEP for 24hr, DEP increased eotaxin release from cultured normal human peripheral airway epithelial cells (Fig. 1a) and BET-1A cells (Fig.1b) in a dose-dependent manner. Human recombinant IL-13 showed a dosedependent stimulatory effect on eotaxin production (Fig. 1c) . Simultaneous treatment with near maximal dose of IL-13 (25 ng/ml) and different doses of DEP showed an additive effect on eotaxin production in BET-1A cells (Fig. 1d) . Such was also the case for normal human peripheral airway epithelial cells (data not shown).
Suspended DEP increased the levels of eotaxin mRNA in human bronchial epithelial cells The total cellular RNA was extracted after different time periods with and without 25µg/ml DEP, and the steady state levels of eotaxin mRNA were studied by Northern blot analysis. DEP at 25µg/ml showed a time-dependent stimulatory effect on eotaxin mRNA levels up to 12hrs in both of normal airway epithelial cells and BET-1A cells ( data not shown ). As shown in Figs. 2a and 2b , DEP at the ranges of 1 -50µg/ml showed a dose-dependent stimulatory effect on eotaxin mRNA levels when evaluated 12hrs after the addition to the cells.
IL-13 showed a dose-dependent stimulatory effect on eotaxin mRNA levels as shown in Fig.2c , and combination of IL-13 (25ng/ml ) with DEP showed an additive effect on eotaxin mRNA levels in BET-1A cells ( Fig. 2d) .
DE exposure in vitro increased eotaxin mRNA levels and production in BET-1A cells
We also studied the protein production and mRNA levels of eotaxin in DE-exposed BET-1A cells by the new exposure system. As shown in Fig. 3a , DE exposure showed a FINAL ACCEPTED VERSION LCMP-00358-2002.R1 10 time-dependent stimulatory effect on eotaxin production, whereas DE with a glass fiber filter to remove particles had no significant effect. The mRNA levels for eotaxin as evaluated by RT-PCR were increased by DE exposure as shown in Fig. 3b .
EMSA for the detection of NFκB activation by suspended DEP
Since it has been suggested that a nuclear transcription factor NFκB plays an importat role in the transcriptional regulation of eotaxin gene expression (18), we attempted to evaluate the effect of DEP on NFκB activation in human bronchial epithelial cells by EMSA. The cells were treated with different concentrations of suspended DEP for 6hrs, and the nuclear extracts were isolated for EMSA as described in the Methods. DEP at 1 to 25 µg/ml increased the nuclear protein binding to the labelled oligonucleotide double stranded DNA (Fig.4a) . The specificity of the binding was ascertained by the supershift of the bands with antibodies to p65 and p50. In contrast to the effect of DEP, human recombinant IL-13 failed to activate NFκB.
Suspended DEP failed to activate STAT6
Human recombinant IL-13 induced phosphorylation of STAT6, but suspended DEP failed to activate STAT6 by Western blot analysis as shown in Fig. 5 .
Effect of NAC and PDTC on production and mRNA levels of eotaxin induced by suspended DEP NAC and PDTC, both being antioxidant reagents with an inhibitory potential of NFκB activation, showed a dose-dependent inhibitory effect on DEP-induced eotaxin production when studied 24hrs after DEP treatment (25µg/ml) ( Fig. 6a) . It was also
shown that NAC and PDTC (10mM) blocked DEP-induced eotaxin mRNA levels (Fig.   6b ). In contrast, NAC and PDTC failed to suppress eotaxin production and mRNA levels in IL-13-stimulated BET1-A cells (Fig. 6b) . Epidemiological studies have suggested that there may be a link between the incidence of respiratory diseases and concentrations of particulate matters in atmosphere, especially small particles such as PM2.5 (11, 12, 19) . DEP have been considered to be the major part of PM2.5 in urban areas, and in vivo and in vitro experiments have suggested their potent activity in the respiratory tracts. Inhalation of DEP in mice resulted in eosinophilia, Th2-type cytokine production and increased airway responsiveness (25, 27) . Transnasal challenges of DEP-derived extract in humans enhanced local IgE and Th2-type cytokine production (7, 8) . DEP have been shown to have a stimulatory effect on airway epithelial cells to express cytokines such as IL-6, IL-8, GM-CSF, and adhesion molecules such as ICAM-1 (2, 20, 29) . Eotaxin is a potent chemotactic and activating factor for eosinophils (15, 17, 23) and have been shown to play an important role in eosinophil accumulation in the airways with asthma and allergic rhinitis (11, 19) . To the best of our knowledge, this is the first report showing DEP augments eotaxin gene expression in human bronchial epithelial cells in vitro. Our results suggested that DEP directly induce production of this potent eosinophil chemoattractant, and this chemokine in concert with other potent chemokines such as RANTES exaggerate local eosinophil infiltration in asthma.
Recently, the gene structure of human eotaxin was reported, and its promotor regions contain both binding sites to NFκB and STAT6. Matsukura and associates (18) Our studies with EMSA showed that DEP induced the activation of the transcription factor NFκB, which is considered to play an important role in the gene regulation of eotaxin as reported (18) . We also studied the effect of DEP on the phosphorylation processes of STAT6 by Western blot analysis, but DEP failed to show any effect. This was in sharp contrast to the activity of IL-13. This Th2-type cytokine, partially sharing its receptor with IL-4, showed a significant stimulatory effect on eotaxin gene expression and STAT6 activation, but did not stimulate NFκB activation in human bronchial epithelial cell line BET-1A. Finally, antioxidants NAC and PDTC, which had NFκB inhibitory activity, but no effect on STAT6 activity, suppressed the mRNA levels of eotaxin. These results suggested that oxidants-dependent, NFκB-mediated but STAT6-independent pathways are involved in DEP-induced eotaxin expression, although admittedly these anti-oxidants can also act via other mechanisms.
IL-13 has been reported to be increased in asthmatic airways and play important roles in its pathogenesis (33) . Our data showed that IL-13 and DEP had additive effect a) The cells were treated with different concentrations of DEP for 6hrs, and the nuclear extracts were isolated for EMSA assay as described in the Methods. DEP at 1 to 50 ug/ml increased the nuclear binding to the labelled oligonucleotide double stranded DNA. Human recombinat IL-13 showed no effect.
b) The specificity of the binding was ascertained by the supershift of the bands with antibodies to p65 and p50 as well as the reduced intensity of the signals with excess amount of cold DNA probes ( x100). 
